Vibration exercise (VE) has been suggested as an effective training for improving muscle strength and coordination. However, the underlying physiological adaptation processes are not yet fully understood, limiting the development of safe and effective exercise protocols. To better understand the neuromuscular responses elicited by VE, we aimed at investigating the acute effects of superimposed vibration on the Hoffmann reflex (H-reflex), measured after fatiguing exercise. Twenty-five volunteers performed four isometric contractions of the right Flexor Carpi Radialis (FCR) with baseline load at 80% of their maximal voluntary contraction (MVC), both with no vibration and with superimposed vibration at 15, 30, and 45 Hz. Fatigue was estimated by MVC test and estimation of electromyographic spectral compression. Hreflex suppression was estimated as the relative decrease after exercise. Our results show that fatiguing exercise determined a decrease in H-reflex amplitude compared to rest condition while vibration determined a lower H-reflex suppression as compared to no vibration. The superimposition of 30-Hz vibration determined the largest acute reduction in force generating capacity (36 N, p < 0.05) and the lowest H-reflex suppression (20%, p < 0.05). These results suggest VE to be particularly suitable in rehabilitation programs for rapid restoration of muscle form and function after immobilization periods. 33 to suggest this possibility [33]. Upper body vibratory exercise has been also 34 investigated and some literature suggests various mechanisms responsible for 35 the observed increase in neuromuscular activity determined by surface EMG 36 [21, 28]. 37 2 EMG could be used to assess the effectiveness of VE modalities, however 38
Introduction
1 Resistance exercise and physical training have always been considered the 2 most effective options for improving, maintaining or restoring skeletal muscle 3 form and function [1] . Improvements in muscle form and function are usually 4 sought using conventional training methods such as resistance exercise and 5 plyometrics [2, 3] or less conventional methods like electrical stimulation [4] 6 and blood flow restriction [5] . These training methods have been shown 7 to determine improvements in neuromuscular performance as measured by 8 force increase and mechanical power production in various populations and 9 age groups. for several rehabilitation programs.
24
In an effort to understand the physiological mechanisms involved in VE, 25 studies have demonstrated that mechanical vibration applied to the tendon of 26 the skeletal muscle induces an involuntary contraction termed tonic vibration 27 reflex (TVR) [30, 31] . TVR is defined as the response of the muscle to a 28 vibratory stress that induces an increase in the contractile force of the muscle 29 groups involved, agonist and antagonist [32, 21] . Furthermore, while direct 30 application of vibration has been shown to determine the TVR, consensus is 31 lacking with regards to whole body vibration (WBV) or upper body vibration 32 exercise modalities on their ability to elicit the TVR. Also, recent work seems be confirmed by EMG recordings. To investigate the MN excitability, a ded-76 icated setup was adopted that can apply the superimposition of a baseline 77 and a vibrating load to a muscle. This setup was previously described in Xu Figure 2 shows an example of such vibrating 100 force. A 50-cm aluminum bar was mounted perpendicular to the motor out- the right position ( Fig. 3, b ). The wooden block used for the MVC test was 168 removed during sustained contractions.
169
The best position for placing the stimulation electrode was determined by According to the H-reflex elicitation procedure described in section 2.2, 219 ten H-and M-waves were recorded before and after VE for each trial by 220 stimulating the median nerve. For each recording the ten H-and M-waves 221 were first averaged. The peak-to-peak amplitude of the averaged H-and 222 M-wave was then calculated. In general, the peak-to-peak amplitude of the 223 H-wave, H max , is an indirect estimate of the number of MNs that are able 224 to activate in a given state while the peak-to-peak amplitude of the M- of different groups to be significant only between 0 Hz and 30 Hz (p < 0.05). at 30 Hz.
290
The observed H-reflex amplitude suppression reflected in the reduction of 291 the FCR MN pool excitability and a change in the synaptic efficacy, which 292 can be explained by reflex inhibition from group III and IV afferents [59].
293
The major finding of our study is that the H-reflex amplitude decreased less It should also be noted that the aim of the present study is to investigate 325 vibration-induced effects on muscle fatigue and H-reflex. We mainly focus on 326 the different effects between vibration and control condition (no vibration).
327
Moreover, for each subject, the data recorded with and without vibration 328 are not independent. As a consequence, Wilcoxon test between control and 329 each vibration frequency is adopted for the statistical analysis. However, the 330 effects between different vibration frequencies might also be of interest for 331 other purposes. In this case, a multi-comparison should be performed for the 332 statistical analysis by using repeated measures of ANOVA and post-hoc test. should not be excluded and should be verified experimentally. This feature the arm following immobilisation periods to restore muscle form and function
